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TC 1 700 

Attorney's Docket No.: 003364P021 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application for: 
Ho-Jin Kweon, et al. 
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Filed: October 29, 1999 

For: POSITIVE ACTIVE MATERIAL FOR 
RECHARGEABLE LITHIUM 
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PREPARING SAME 

37 C.F.R. § 1.131 

DECLARATION OF HO-JIN KWEON 

I, Ho-Jin Kweon, hereby declare as follows: 

1 . I am a citizen of Korea. 

2. I am an inventor of invention referenced above and detailed in the 
Application. 

3. I am an Engineer for Samsung Display Devices Co., Ltd., 575, Sin-Dong, Paldal- 
Ku, Suwon-Si, Kyungki-Do, Korea, Samsung Display Devices Co., Ltd., has an interest in 
the present application. 

4. I hold a Ph.D.(2000) in Chemistry from the Sungkyunkwan University and a 
B.S. (1987) in Chemistry from the Seoul National University. I am generally familiar with 
lithium secondary batteries. 
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Examiner: Dove, T. 
Art Unit: 1745 



5. I am informed that Application Serial No. 09/429,262 was filed on October 
29, 19999 in the United States, claiming priority from a previously filed Korean 
Application. 

6. I have reviewed PCT Application No. WO 99/05734, which was published 
on February 4, 1999, by Takeuchi et al. The Examiner has cited WO 99/05734 against the 
claims of the above-identified application. 

7. I have reviewed U.S. Patent No. 6,428,766, issued to Fujino et al., which 
was filed on October 25, 1999. The Examiner has cited Fujino against the claims of the 
above-identified application, 

8. The invention disclosed and claimed in the above-identified patent 
application was conceived in Korea at least as early as December 20, 1998, as evidence by 
the attached Invention Report in Korean, a translation of which is also attached in English. 
In addition, the Application No. 99-7430 was filed in the Korean Industrial Property Office 
on March 6, 1999 (a certified copy of which was filed with the United States Patent and 
Trademark Office on October 29, 1999). This Invention Report was reduced to writing by 
Samsung at least as early as the date of the Invention Report, i.e., December 20, 1998. This 
Invention Report demonstrates a conception, and this Application demonstrates a 
constructive reduction to practice of the claimed invention of the instant application and 
were prepared under my direction and based on my own original work. In addition, I 
diligently worked with my co-workers and patent attorneys to file the Korean Patent 
Application No. 99-7430, after our Invention Report was complete. Therefore, the 
conception and diligence to the constructive reduction to practice of the invention disclosed 
and claimed in the above-identified patent application occurred to prior to the publication of 
Takeuchi et al., WO 99/05734, and prior to the filing date of Fujino et al., U.S. Patent No. 
6,428,766. 
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I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 




, 2003 




Ho-Jin Kweon ^ 
Inventor 

Cheonan Seongseong dong San 24 
Chungcheongnam-do, Korea 
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INVENTION REPORT 

Date: 1998-12-20 



1. Title of the invention: positive active material for Li-s condary battery 
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Application of th inv ntion or Utility 

1 . Title of th invention or utility 

The present invention improves long cycle life characteristics, especially high- 
temperature cycle life characteristics by surface-treating LiMn 2 _ x Al x 04- y F y with a solution 
of metal alkoxide, the LiMn 2 _ x Al x 04_ y F y being used as a positive active material for a Li- 
secondary battery. 

2. The detailed description of the invention or utility 

A Li-secondary battery uses Li-metal or carbonaceous materials as a negative 
active material, and chalcogenide compounds as a positive active material. Recently, 
carbonaceous material Is extensively used instead of the metallic lithium due to 
problems of high reactivity toward electrolyte and dendrite formation of the lithium 
metal. The positive active material includes composite metal oxides such as LiCo0 2 , 
LIMn0 4 , LiNiO z> LiNi^xCOxOa, and LiMn0 2 . Manganese-based materials such as 
LiMn 2 0 4 or LiMn0 2 are the easiest to prepare, are less expensive than the other 
materials, and have environmentally friendly characteristics, but they have a low 
capacity. LiCo0 2 is widely used as it has a good electrical conductivity and high 
battery voltage and manufactured by Sony, but is very expensive. LiNi0 2 is 
inexpensive and has a high charge capacity, but is difficult to produce it. In particular, 
LiMn 2 0 4 is the positive active material of choice for rechargeable lithium battery 
because of their stability of battery system, and environmentally friendly characteristics 
even though it has lower discharge capacity than other materials. However, the 
manganese-based compound has shortcoming in that Mn + ion readily elutes to the 
electrolyte at high temperatures, thereby reducing cycle life. The present invention 
uses Li x Mn 2 _yAl y 04_ z F 2 having high capacity, long cycle life characteristics at high 
temperatures, which is disclosed in U.S. Patent No. 5,759,720 and 5,674,645 by Bell 
Communications Research, Inc (abbreviated: Bellcore) The present invention is to 
improve high-temperatures cycle life characteristics in order to use the compound in 
electric vehicle and produces a metal alkoxide coated Li^Mn^yAlyO^Fi having 
improved high-temperature cycle life characteristics by surface-treating Li x Mn 2 „ y Al y C>4_ 
2 F 2 with a solution of metal alkoxide. 

3. Related arts 

Generally, composite metal oxides such as active materials are synthesized by 
a solid process. Matsushita employs two-step continuous sintering process in which 
LiOH, Ni oxide and Co oxide are react at 400 to 580 *C to prepare intermediate oxide 
(1 st step), and the resulting material is heat-treated at 600 to 780 1; (2 nd step) to 
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prepare a crystalline material. LiMn 2 0 4 is prepared using LiOH and Mn0 2 by the 
above process. As described above, th conventional process has shortcomings 
such as the complication process and a need for various equipment and process. In 
addition, the reaction temperature is high, and the resulting material has a larger 
particle size so that it is difficult to control physical properties such as morphology of 
the particle surface characteristics (surface area, pore size etc.), which is an Important 
factor for determining battery performances. Thus, it is required to develop new 
procedure which is capable of controlling surface characteristics of the product. It is 
considered that LiMn 2 0 4 can be useful for a power source of electric vehicle when the 
shortcomings such as elution of LiMn 2 0 4 can be solved. Recently, in order to solve 
such shortcomings, active materia! with equivalent of more than 1 Li is prepared, or a 
part of oxygen is substituted with F in a spinel structure LiMn 2 0 4 . 



03- 4-23:16:29 



* 12/ 18 



4. Detailed description of the invention or utility 
(Example 1) 

In order to improve discharge characteristics and cycle life characteristics at 
high rate and high temperatures of UMn 2 0 4 which is candidates for power sources of 
electric vehicle because of their low cost and environmentally friendly characteristics, a 
positive active material for a rechargeable lithium battery was prepared by the following 
procedure. Comparative Example 1 uses LixMn^yAlyO^Fz powder available from 
Bellcore to measure charge and discharge characteristics. The measured results of 
Comparative Example 1 are compared with those of Example 1. 

An Al-isopropoxide solution having a 5 wt% concentration was prepared by 
refluxing an Al-isopropoxide powder in ethanol at about 1001C for 30 minutes. Li x Mn 2 . 
yAl y 04- 2 F z powder available from Bellcore was mixed with the Al-isopropoxide solution 
at an identical volume ratio in a moisture free dry room such that an overall surface of 
the powder became sufficiently wet by the solution, and be dried in the same room. 
Thereafter, the mixture was heat-treated at about 300 T: for about 10 hours under a dry 
air atmosphere to thereby prepare a metallic oxide-coated active material with modified 
surface structure and morphology. The morphology of the active material was 
identified by SEM, and the crystal structure was analyzed by XRD. The active 
material was mixed with Super P carbon for a conductive agent (4 wt%), KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrroiidone for a solvent to 
prepare an active material slurry. The slurry is cast into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type half cell. The cell was charged and 
discharged at room temperature (251C) and h igh temperature (50°C). The capacity 
and cycle life characteristics were measured between 4.3 V and 2.75 V by varying 
currents such as 0.1C^0.1C, 0.2C ~ 0.2 C, 0.5C 0.5 C, and 1C^1C (total 100 
cycles). 

(Example 2) 

In order to improve discharge characteristics and cycle life characteristics at 
high rate and high temperatures of LiMn 2 0 4 which is candidates for power sources of 
electric vehicle because of their low cost and environmentally friendly characteristics, a 
positive active material for a rechargeable lithium battery was prepared by the following 
procedure. Comparative Example 1 uses Li x Mn 2 _ y Al y 04_ z F z powder available from 
Bellcore to measure charge and discharge characteristics. The measured results of 
Comparative Example 1 are compared with those of Example 1 . 

An Al-isopropoxide solution having a 5 wt% concentration was prepared by 
refluxing an Al-isopropoxide powder in ethanol at about 100*0 for 30 minutes. Li x Mn 2 . 
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yAlyO^zFz powder available from Bellcore was mixed with the Al-lsopropoxid solution 
at an identical volume ratio in a moisture free dry room such that an overall surface of 
the powder became sufficiently wet by the solution, and b dried in the same room. 
Thereafter, the mixture was heat-treated at about 900 H for about 10 hours under a dry 
air atmosphere to thereby prepare a metallic oxide-coated active material with modified 
surface structure and morphology. The morphology of the active material was 
identified by SEM, and the crystal structure was analyzed by XRD. The active 
material was mixed with Super P carbon for a conductive agent (4 wt%), KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrroIidone for a solvent to 
prepare an active material slurry. The slurry is cast into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type half cell. The cell was charged and 
discharged at room temperature (25V) a nd h igh temperature (50tl). The capacity 
and cycle life characteristics were measured between 4.3 V and 2.75 V by varying 
currents such as 0.1C *-» 0.1 C f 0.2C <-* 0.2 C, 0.5C 0.5 C, and 1C^1C (total 100 
I cycles. • ■ 



Comparative Example 1 

The electrochemical and chemical properties were measured by the following 
method and the result was compared with that of Example. As a positive active 
material, LixMn2.yAlyOi.2F2 was used. The morphology of the activ mat rial was 
identified by SEM and the crystal structure was analyzed by XRD. The active material 
was mixed with Super P carbon for a conductive agent (4 wt%), KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrrolidone for a solvent to 
prepare an active material slurry. The slurry is casted into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type half cell. The cell was charged and 
discharged at room temperature (25 TC) and high temperature (50*0), and the capacity 
and cycle life characteristics were measured at the same condition as with Example. 
5. Effect of the invention or utility 

The structure of the active materials according to the present Invention and 
Bellcore are shown in FIG. 1. The result is expected from this inventor's report. As 

Mn - 0 

I 

shown in FIG 1, the active material of Bellcore has a Al ~ F structure on a surface so 

that Mn directly contacts with an electrolyte, thereby eluting Mn into the electrolyte at 
high temperature cycling which results in the deterioration of cycle life characteristics. 
On the other hand, the active material according to the present invention has good 
inherent characteristics of Li x Mn 2 .yAl y 04. 2 F 2 of Bellcore and an Al 2 0 3 layer with a 
thickness of about 10 nm to 100nm on a surface (see. the previously filed application 
regarding UCo0 2> LiNi 1 . x Co x 0 2 ) which prevents the contact between Mn and the 
electrolyte, thereby inhibiting elution of Mn and preventing the deterioration of cycle life 
characteristics. The initial charge and discharge characteristic at high-temperature is 
found to be decreased about 1 % rather than Bellcore. However, the cycle life 
characteristic after 50 cycles is found to be increased by % or more (when the cycle 
life test after 50 cycles is completed, the data will be added). Thus, it is expected that 
the surface-treatment by Al-aikoxide solution can be prevented from the elution of Mn, 
and the active material of the present invention will be useful for power sources of 
electric vehicle. 

6. Claims 

1 . New positive active material for a rechargeable lithium battery comprising: 
Mn-included composite metal oxide or a chalcogenide compound for 3V-grade 
such as LixMn02, LixMn1-yMy02 (M=at least one metal selected from the group 
consisting of Al, CO, Cr, Mg, Fe and La), LixMn1-yMy02-zFz (M= at least one metal 
selected from the group consisting of Al, Co, Cr, Mg, Fe and La), LixMn1-yMy02-zSz 



(M= at least one metal selected from the group consisting of Al. Co, Cr, Mg, F , or La), 
Li; or 

Mn-iricluded composite metal oxide or a chalcog nid compound with a spinel 
structure, such as LixMn204, LixMn2-yMy04 (M= at least on metal selected from the 
group consisting of Al, Co ( Cr, Fe, Mg and La), LixMn2-yMy04-zFz (M = at least one 
metal selected from the group consisting of Al, Co, Cr, Mg, Fe, or La), LixMn2-yMy04- 
zSz (M= at least one metal selected from the group consisting of Al, Co, Cr, Mg, Fe, or 
La), 

(x, y and z have the same meanings with Bellcore), 

wherein the metal oxide or compound is surface-treated and is useful in small 
industrials or huge industrials such as electric vehicle. 

2. The surface-treatment is performed by using a metal-alkoxide solution. 

3. The metal-alkoxide solution includes a Si-alkoxide solution, a Mg-alkoxide 
solution, a Ti-alkoxide solution, an Ai-alkoxide solution, and preferably an Al-alkoxide 
solution. 

4. The metal-alkoxide solution has a concentration of 1wt% to 50wt%. 

5. After the surface-treatment, a heat-treating is performed at 200 to lOOOt: 
for 1 to 20 hours under air or oxygen atmosphere. 

6. The metal oxide has a thickness of 1nm to 100nm after the surface- 
treatment. 

1. The content of the metal is 0. % to 1 0% in the metal oxide. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application for: 
Ho- Jin Kweon, et al. 
Application No.: 09/429,262 
Filed: October 29, 1999 

For: POSITIVE ACTIVE MATERIAL FOR 
RECHARGEABLE LITHIUM 
BATTERY AND METHOD OF 
PREPARING SAME 

37 C.F.R. § 1.131 

DECLARATION OF HYUNG-GON NOH 

I, Hyung-Gon Noh, hereby declare as follows: 

1 . I am a citizen of Korea. 

2. I am an inventor of invention referenced above and detailed in the 
Application. 

3. I am an Engineer for Samsung Display Devices Co., Ltd., 575, Sin-Dong, 
Paldal-Ku, Suwon-Si, Kyungki-Do, Korea, Samsung Display Devices Co., Ltd., has an 
interest in the present application. 

4. I hold a Ph.D.(1990) in Chemistry from the University of KAIST and a B.S. 
(1986) in Chemistry from the University of KAIST. I am generally familiar with lithium 
secondary batteries. 



Examiner: Dove, T. 
Art Unit: 1745 
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5. I am informed that Application Serial No. 09/429,262 was filed on October 
29, 19999 in the United States, claiming priority from a previously filed Korean 
Application. 

6. I have reviewed PCT Application No. WO 99/05734, which was published 
on February 4, 1999, by Takeuchi et al. The Examiner has cited WO 99/05734 against the 
claims of the above-identified application. 

7. I have reviewed U.S. Patent No. 6,428,766, issued to Fujino et al., which 
was filed on October 25, 1999. The Examiner has cited Fujino against the claims of the 
above-identified application, 

8. The invention disclosed and claimed in the above-identified patent 
application was conceived in Korea at least as early as December 20, 1998, as evidence by 
the attached Invention Report in Korean, a translation of which is also attached in English. 
In addition, the Application No. 99-7430 was filed in the Korean Industrial Property Office 
on March 6, 1999 (a certified copy of which was filed with the United States Patent and 
Trademark Office on October 29, 1999). This Invention Report was reduced to writing by 
Samsung at least as early as the date of the Invention Report, i.e., December 20, 1998. This 
Invention Report demonstrates a conception, and this Application demonstrates a 
constructive reduction to practice of the claimed invention of the instant application and 
were prepared under my direction and based on my own original work. In addition, I 
diligently worked with my co-workers and patent attorneys to file the Korean Patent 
Application No. 99-7430, after our Invention Report was complete. Therefore, the 
conception and diligence to the constructive reduction to practice of the invention disclosed 
and claimed in the above-identified patent application occurred to prior to the publication of 
Takeuchi et al., WO 99/05734, and prior to the filing date of Fujino et al., U.S. Patent No. 
6,428,766. 
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I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Respectfully submitted, 






Hyung-Gon Noh 
Inventor 

Cheonan Sedngseong dong San 24 
Chungcheongnam-do, Korea 
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6. claims 

I. icMfaP?* LixMnlryMy02{M s = Al, Co. Cr, Mg, Fe, La g ^01 'c 5HJ S ^),/JL-ixMp 

4;^My02^Fi(M= Al, Co, Cr, Mg, Fe, La g ^0\Z S\U 0\&} i U S^i). laxMin^MyO^ 
,2S«(M= Al. Co. Cr. Mg, fc, Im ^ "^CH£E 8Hi 01^21 3^i)S2f -U^MB Li- 

yMyQ*(M ! =AJ 1 Co,Cr,Fe,Mg. Lag 01 S: &\U 01^21 3^), 4lixMn2-yMy04-V!«£(M=Aj.Co,c:f. 
f Fe,Mg.La£ oKJ 01 ^24 «2^). aUi>d>fn2-yMy04.zSaf(M=Al.Cci.Cr,Fc,Mg.L^^ £\o\l, 

SfLh 01^21 r^^)g D} Sf!f iiPi9t^JgjS.^i5£M<96| %StS S s«,-^.a a-*? chalcogcnide 
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INVENTION REPORT 

□ate: 1998-12-20 



1. Title of the invention: positive active material for Li-secondary battery 

2. Title of the related project: development of Li-secondary battery 
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^ Application of the inv ntion or Utility 

1 . Title of the invention or utility 

The present invention improves long cycle life characteristics, especially high- 
temperature cycle life characteristics by surface-treating LIMn 2 _ x Al x 04- y F y with a solution 
of metal alkoxide, the LiMn 2 _ x Al x 04_ y F y being used as a positive active material for a Li- 
secondary battery. 

2. The detailed description of the invention or utility 

A Li-secondary battery uses Li-metal or carbonaceous materials as a negative 
active material, and chalcogenide compounds as a positive active material. Recently, 
carbonaceous material is extensively used instead of the metallic lithium due to 
problems of high reactivity toward electrolyte and dendrite formation of the lithium 
metal. The positive active material includes composite metal oxides such as LiCo0 2 , 
LIMn0 4l LiNi0 2 , LiNi 1 . x Co x 0 2> and LiMnO z . Manganese-based materials such as 
LiMn 2 0 4 or LiMn0 2 are the easiest to prepare, are less expensive than the other 
materials, and have environmentally friendly characteristics, but they have a low 
capacity. L1C0O2 is widely used as it has a good electrical conductivity and high 
battery voltage and manufactured by Sony, but is very expensive. LiNi0 2 is 
inexpensive and has a high charge capacity, but is difficult to produce it. In particular, 
LiMn 2 0 4 is the positive active material of choice for rechargeable lithium battery 
because of their stability of battery system, and environmentally friendly characteristics 
even though it has lower discharge capacity than other materials. However, the 
manganese-based compound has shortcoming in that Mn + ion readily elutes to the 
electrolyte at high temperatures, thereby reducing cycle life. The present invention 
uses Ll x Mn 2 -yAl y 04_ z F 2 having high capacity, long cycle life characteristics at high 
temperatures, which is disclosed in U.S. Patent No. 5,759,720 and 5,674,645 by Bell 
Communications Research, Inc (abbreviated: Bellcore) The present invention is to 
improve high-temperatures cycle life characteristics in order to use the compound in 
electric vehicle and produces a metal alkoxide coated Li x Mn 2 _yAl y 04.*F 2 having 
improved high-temperature cycle life characteristics by surface-treating Li x Mn 2 „ y Al y 04_ 
z F 2 with a solution of metal alkoxide. 

3. Related arts 

Generally, composite metal oxides such as active materials are synthesized by 
a solid process. Matsushita employs two-step continuous sintering process in which 
LiOH, Ni oxide and Co oxide are react at 400 to 580 TC to prepare intermediate oxide 
(1 st step), and the resulting material is heat-treated at 600 to 780 X: (2 nd step) to 
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prepare a crystalline material. LiMn 2 0 4 is prepared using LiOH and Mn0 2 by the 
above process. As described above, the conventional process has shortcomings 
such as the complication process and a need for various equipment and process. In 
addition, the reaction temperature is high, and the resulting material has a larger 
particle size so that it is difficult to control physical properties such as morphology of 
the particle surface characteristics (surface area, pore size etc.), which is an Important 
factor for determining battery performances. Thus, it is required to develop new 
procedure which is capable of controlling surface characteristics of the product. It is 
considered that LiMn 2 0 4 can be useful for a power source of electric vehicle when the 
shortcomings such as elution of LiMn 2 0 4 can be solved. Recently, in order to solve 
such shortcomings, active material with equivalent of more than 1 Li is prepared, or a 
part of oxygen is substituted with F in a spinel structure LiMn 2 0 4 . 
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4. Detailed description of the invention or utility 
(Example 1) 

In order to improve discharge characteristics and cycle life characteristics at 
high rate and high temperatures of LiMn 2 0 4 which is candidates for power sources of 
electric vehicle because of their low cost and environmentally friendly characteristics, a 
positive active materia! for a rechargeable lithium battery was prepared by the following 
procedure. Comparative Example 1 uses Li x Mn 2 -yAl y 04_ 2 F 2 powder available from 
Bellcore to measure charge and discharge characteristics. The measured results of 
Comparative Example 1 are compared with those of Example 1. 

An Al-isopropoxide solution having a 5 wt% concentration was prepared by 
refluxing an Al-isopropoxide powder in ethanol at about 100TJ for 30 minutes. Li x Mn 2 . 
yAly04_ 2 F 2 powder available from Bellcore was mixed with the Al-isopropoxide solution 
at an Identical volume ratio in a moisture free dry room such that an overall surface of 
the powder became sufficiently wet by the solution, and be dried in the same room. 
Thereafter, the mixture was heat-treated at about 300*0 for about 10 hours under a dry 
air atmosphere to thereby prepare a metallic oxide-coated active material with modified 
surface structure and morphology. The morphology of the active material was 
identified by SEM, and the crystal structure was analyzed by XRD. The active 
material was mixed with Super P carbon for a conductive agent (4 wt%) f KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrroIidone for a solvent to 
prepare an active material slurry. The slurry is cast into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type hatf cell. The cell was charged and 
discharged at room temperature (25T:) and high temperature (50t;). The capacity 
and cycle life characteristics were measured between 4.3 V and 2.75 V by varying 
currents such as 0.1 C ^ 0.1 C, 0.2C 0.2 C, 0.5C <-> 0.5 C, and 1C «-+1 C (total 100 
cycles). 

(Example 2) 

In order to improve discharge characteristics and cycle life characteristics at 
high rate and high temperatures of LiMn 2 0 4 which is candidates for power sources of 
electric vehicle because of their low cost and environmentally friendly characteristics, a 
positive active material for a rechargeable lithium battery was prepared by the following 
procedure. Comparative Example 1 uses Li x Mn 2 .yAl y 0^ z F 2 powder available from 
Bellcore to measure charge and discharge characteristics. The measured results of 
Comparative Example 1 are compared with those of Example 1. 

An Al-isopropoxide solution having a 5 wt% concentration was prepared by 
refluxing an Al-isopropoxide powder in ethanol at about 100t: for 30 minutes. Li x Mn 2 - 
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yAly04-zF z powd r available from Bellcore was mixed with the Al-isopropoxid solution 
at an identical volume ratio in a moisture free dry room such that an overall surface of 
the powder became sufficiently wet by the solution, and b dried in the same room. 
Thereafter, the mixture was heat-treated at about 900t! for about 10 hours under a dry 
air atmosphere to thereby prepare a metallic oxide-coated active material with modified 
surface structure and morphology. The morphology of the active material was 
identified by SEM, and the crystal structure was analyzed by XRD. The active 
material was mixed with Super P carbon for a conductive agent (4 wt%), KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrrolidone for a solvent to 
prepare an active material slurry. The slurry is cast into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type half cell. The cell was charged and 
discharged at room temperature (25V) and high temperature (501C). The capacity 
and cycle life characteristics were measured between 4.3 V and 2.75 V by varying 
currents such as 0.1C *-» 0.1 C f 0.2C <-* 0.2 C, 0.5C 0.5 C, and 1C^1C (total 100 
cycles. 
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Comparative Example 1 

The electrochemical and chemical properties were measured by the following 
method and the result was compared with that of Exampl . As a positive active 
material, .Li x Mn 2 - y Al y 0 1 .zF 2 was used. The morphology of the activ material was 
identified by SEM and the crystal structure was analyzed by XRD. The active material 
was mixed with Super P carbon for a conductive agent (4 wt%), KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrrolidone for a solvent to 
prepare an active material slurry. The slurry is casted into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type half cell. The cell was charged and 
discharged at room temperature (25 "C) and high temperature (SOU), and the capacity 
and cycle life characteristics were measured at the same condition as with Example. 
5. Effect of the invention or utility 

The structure of the active materials according to the present invention and 
Bellcore are shown in FIG. 1. The result is expected from this inventor's report. As 

Mn - o 

I 

shown in FIG. 1, the active material of Bellcore has a Al " F structure on a surface so 

that Mn directly contacts with an electrolyte, thereby eluting Mn into the electrolyte at 
high temperature cycling which results in the deterioration of cycle life characteristics. 
On the other hand, the active material according to the present invention has good 
inherent characteristics of Li x Mn 2 _ y Al y 04-zF 2 of Bellcore and an Al 2 0 3 layer with a 
thickness of about 10 nm to 100nm on a surface (see. the previously filed application 
regarding LiCo0 2 , LiNii. x COx0 2 ) which prevents the contact between Mn and the 
electrolyte, thereby inhibiting elution of Mn and preventing the deterioration of cycle life 
characteristics. The initial charge and discharge characteristic at high-temperature is 
found to be decreased about 1 % rather than Bellcore. However, the cycle life 
characteristic after 50 cycles is found to be increased by % or more (when the cycle 
life test after 50 cycles is completed, the data will be added). Thus, it is expected that 
the surface-treatment by Al-alkoxide solution can be prevented from the elution of Mn, 
and the active material of the present invention will be useful for power sources of 
electric vehicle. 

6. Claims 

1 . New positive active material for a rechargeable lithium battery comprising: 
Mn-included composite metal oxide or a chalcogenide compound for 3V-grade 
such as LixMn02, LixMn1-yMy02 (M=at least one metal selected from the group 
consisting of Al, CO, Cr, Mg f Fe and La), LixMn1-yMy02-zFz (M= at least one metal 
selected from the group consisting of Al, Co, Cr, Mg, Fe and La), LixMn1-yMyQ2-zSz 



(M= at least one metal selected from the group consisting of Al, Co, Cr, Mg, F , or La), 
Li; or 

Mn-iricluded composite metal oxide or a chalcogenide compound with a spinel 
structure, such as LixMn204, LixMn2-yMy04 (M= at least one metal selected from the 
group consisting of Al, Co, Cr, Fe. Mg and La), LixMn2-yMy04-zFz (M = at least one 
metal selected from the group consisting of Al, Co, Cr, Mg, Fe, or La), LixMn2-yMy04- 
zSz (M= at least one metal selected from the group consisting of Al, Co, Cr, Mg Fe or 
La), 

(x, y and z have the same meanings with Bellcore), 

wherein the metal oxide or compound is surface-treated and is useful in small 
industrials or huge industrials such as electric vehicle. 

2. The surface-treatment is performed by using a metal-alkoxide solution. 

3. The metal-alkoxide solution includes a Si-alkoxide solution, a Mg-alkoxide 
solution, a Ti-alkoxide solution, an Al-alkoxide solution, and preferably an Al-alkoxide 
solution. 

4. The metal-alkoxide solution has a concentration of 1wt% to 50wt%. 

5. After the surface-treatment, a heat-treating is performed at 200 to 1000°C 
for 1 to 20 hours under air or oxygen atmosphere. 

6. The metal oxide has a thickness of 1nm to 100nm after the surface- 
treatment. 

7. The content of the metal is 0. % to 1 0% in the metal oxide. 
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Attorney's Docket No.: 003364P021 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application for: 
Ho- Jin Kweon, et al. 
Application No.: 09/429,262 
Filed: October 29, 1999 

For: POSITIVE ACTIVE MATERIAL FOR 
RECHARGEABLE LITHIUM 
BATTERY AND METHOD OF 
PREPARING SAME 



Examiner: Dove, T. 



Art Unit: 1745 



37 C.F.R. § 1.131 
DECLARATION OF DONG-GON PARK 



I, Dong-Gon Park, hereby declare as follows: 

1 . I am a citizen of Korea. 

2. I am an inventor of invention referenced above and detailed in the 
Application. 

3. I am a Professor for Sookmyung Women's University 53-12, Cheongpa- 
dong, 2-ga, Yongsan-Ku, Seoul, Korea, Sookmyung Women's University has an interest in 
the present application. 

4. I hold a Ph.D.(1993) in Chemistry from the Cornell University and a B.S. 
(1982) in Chemistry from the Korea University. I am generally familiar with lithium 
secondary batteries. 
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5. I am informed that Application Serial No. 09/429,262 was filed on October 
29, 19999 in the United States, claiming priority from a previously filed Korean 
Application. 

6. I have reviewed PCT Application No. WO 99/05734, which was published 
on February 4, 1999, by Takeuchi et al. The Examiner has cited WO 99/05734 against the 
claims of the above-identified application. 

7. I have reviewed U.S. Patent No. 6,428,766, issued to Fujino et al., which 
was filed on October 25, 1999. The Examiner has cited Fujino against the claims of the 
above-identified application, 

8. The invention disclosed and claimed in the above-identified patent 
application was conceived in Korea at least as early as December 20, 1998, as evidence by 
the attached Invention Report in Korean, a translation of which is also attached in English. 
In addition, the Application No. 99-7430 was filed in the Korean Industrial Property Office 
on March 6, 1999 (a certified copy of which was filed with the United States Patent and 
Trademark Office on October 29, 1999). This Invention Report was reduced to writing by 
Samsung at least as early as the date of the Invention Report, i.e., December 20, 1998. This 
Invention Report demonstrates a conception, and this Application demonstrates a 
constructive reduction to practice of the claimed invention of the instant application and 
were prepared under my direction and based on my own original work. In addition, I 
diligently worked with my co-workers and patent attorneys to file the Korean Patent 
Application No. 99-7430, after our Invention Report was complete. Therefore, the 
conception and diligence to the constructive reduction to practice of the invention disclosed 
and claimed in the above-identified patent application occurred to prior to the publication of 
Takeuchi et aL, WO 99/05734, and prior to the filing date of Fujino et al., U.S. Patent No. 
6,428,766. 
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I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Respectfully submitted, 



Dated: 




., 2003 




Dong-Gon P; 
Inventor 



Sookmyung Women's University 
Cheongpa-dong 2-ga 



Yongsan-ku 
Seoul, Korea 
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Application of the inv ntion or Utility 

1 . Title of the invention or utility 

The present invention improves long cycle life characteristics, especially high- 
temperature cycle life characteristics by surface-treating LiMn 2 _ x Al x 04- y F y with a solution 
of metal alkoxide, the LiMn^AlxCVyFy being used as a positive active material for a Li- 
secondary battery. 

2. The detailed description of the invention or utility 

A Li-secondary battery uses Li-metal or carbonaceous materials as a negative 
active materia!, and chalcogenide compounds as a positive active material. Recently, 
carbonaceous material Is extensively used instead of the metallic lithium due to 
problems of high reactivity toward electrolyte and dendrite formation of the lithium 
metal. The positive active material includes composite metal oxides such as LiCo0 2 , 
LlMn0 4 , LiNiO Zl LiNH-xCOxOa, and LiMn0 2 . Manganese-based materials such as 
LiMn 2 0 4 or LiMn0 2 are the easiest to prepare, are less expensive than the other 
materials, and have environmentally friendly characteristics, but they have a low 
capacity. LiCo0 2 is widely used as it has a good electrical conductivity and high 
battery voltage and manufactured by Sony, but is very expensive. LiNi0 2 is 
inexpensive and has a high charge capacity, but is difficult to produce it In particular, 
LiMn 2 0 4 is the positive active material of choice for rechargeable lithium battery 
because of their stability of battery system, and environmentally friendly characteristics 
even though it has lower discharge capacity than other materials. However, the 
manganese-based compound has shortcoming in that Mn + ion readily elutes to the 
electrolyte at high temperatures, thereby reducing cycle life. The present invention 
uses Li x Mn 2 _yAl y 04. z F 2 having high capacity, long cycle life characteristics at high 
temperatures, which is disclosed in U.S. Patent No. 5,759,720 and 5,674,645 by Bell 
Communications Research, Inc (abbreviated: Bellcore) The present invention is to 
improve high-temperatures cycle life characteristics in order to use the compound in 
electric vehicle and produces a metal alkoxide coated Li x Mn 2 .yAl y 04_ z F z having 
improved high-temperature cycle life characteristics by surface-treating Li x Mn 2 -yAly04. 
z F z with a solution of metal alkoxide. 

3. Related arts 

Generally, composite metal oxides such as active materials are synthesized by 
a solid process. Matsushita employs two-step continuous sintering process in which 
LiOH, Ni oxide and Co oxide are react at 400 to 580T: to prepare intermediate oxide 
(1 st step), and the resulting material is heat-treated at 600 to 780 X: (2 nd step) to 
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prepare a crystalline material. LiMn 2 0 4 is prepared using LiOH and Mn0 2 by the 
above process. As described above, th conventional process has shortcomings 
such as the complication process and a need for various equipment and process. In 
addition, the reaction temperature is high, and the resulting material has a larger 
particle size so that it is difficult to control physical properties such as morphology of 
the particle surface characteristics (surface area, pore size etc.), which is an important 
factor for determining battery performances. Thus, it is required to develop new 
procedure which is capable of controlling surface characteristics of the product. It is 
considered that LiMn 2 0 4 can be useful for a power source of electric vehicle when the 
shortcomings such as elution of LiMn 2 0 4 can be solved. Recently, in order to solve 
such shortcomings, active material with equivalent of more than 1 Li is prepared, or a 
part of oxygen is substituted with F in a spinel structure LiMn 2 0 4 . 
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4. Detailed description of the invention or utility 
(Example 1) 

In order to improve discharge characteristics and cycle life characteristics at 
high rate and high temperatures of LiMn 2 0 4 which is candidates for power sources of 
electric vehicle because of their low cost and environmentally friendly characteristics, a 
positive active material for a rechargeable lithium battery was prepared by the following 
procedure. Comparative Example 1 uses Li x Mn 2 .yAl y O^F 2 powder available from 
Bellcore to measure charge and discharge characteristics. The measured results of 
Comparative Example 1 are compared with those of Example 1. 

An Al-isopropoxide solution having a 5 wt% concentration was prepared by 
refluxing an Al-isopropoxide powder in ethanol at about 100*C for 30 minutes. Li x Mn 2 . 
yAl y 04„ 2 F 2 powder available from Bellcore was mixed with the Al-isopropoxide solution 
at an identical volume ratio in a moisture free dry room such that an overall surface of 
the powder became sufficiently wet by the solution, and be dried in the same room. 
Thereafter, the mixture was heat-treated at about 300 1C for about 10 hours under a dry 
air atmosphere to thereby prepare a metallic oxide-coated active material with modified 
surface structure and morphology. The morphology of the active material was 
identified by SEM, and the crystal structure was analyzed by XRD. The active 
material was mixed with Super P carbon for a conductive agent (4 wt%), KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrrolidone for a solvent to 
prepare an active material slurry. The slurry is cast into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type half cell. The cell was charged and 
discharged at room temperature (25V) and h igh temperature (50*C). The capacity 
and cycle life characteristics were measured between 4.3 V and 2.75 V by varying 
currents such as 0.1C ~ 0.1 C, 0.2C <- 0.2 C, 0.5C 0.5 C, and 1C *-1 C (total 100 
cycles). 

(Example 2) 

In order to improve discharge characteristics and cycle life characteristics at 
high rate and high temperatures of LiMn 2 0 4 which is candidates for power sources of 
electric vehicle because of their low cost and environmentally friendly characteristics, a 
positive active material for a rechargeable lithium battery was prepared by the following 
procedure. Comparative Example 1 uses UMn^AlyO^F* powder available from 
Bellcore to measure charge and discharge characteristics. The measured results of 
Comparative Example 1 are compared with those of Example 1. 

An Al-isopropoxide solution having a 5 wt% concentration was prepared by 
refluxing an Al-isopropoxide powder in ethanol at about 100 TC for 30 minutes. Li x Mn 2 - 
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yAl y 04- z F z powder available from Bellcore was mixed with the AMsopropoxid solution 
at an identical volume ratio in a moisture free dry room such that an overall surface of 
the powder became sufficiently wet by the solution, and be dried in the same room. 
Thereafter, the mixture was heat-treated at about 900 T: for about 10 hours under a dry 
air atmosphere to thereby prepare a metallic oxide-coated active material with modified 
surface structure and morphology. The morphology of the active material was 
identified by SEM, and the crystal structure was analyzed by XRD. The active 
material was mixed with Super P carbon for a conductive agent (4 wt%), KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrrolidone for a solvent to 
prepare an active material slurry. The slurry is cast into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type half cell. The cell was charged and 
discharged at room t emperature (25TJ) and h igh temperature (501C). The capacity 
and cycle life characteristics were measured between 4.3 V and 2.75 V by varying 
currents such as 0.1C <-> 0.1 C, 0.2C <-+ 0.2 C, 0.5C <-» 0.5 C, and 1C <-*1 C (total 100 
cycles. 
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Comparative Example 1 

The electrochemical and chemical properties were measured by the following 
method and the result was compared with that of Example. As a positive active 
material, Li x Mn 2 . y Aly0 1 . z F z was used. The morphology of the activ material was 
identified by SEM and the crystal structure was analyzed by XRD. The active material 
was mixed with Super P carbon for a conductive agent (4 wt%), KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrrolidone for a solvent to 
prepare an active material slurry. The slurry is casted into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type half cell. The cell was charged and 
discharged at room temperature (25 1:) and high temperature (50 1C), and the capacity 
and cycle life characteristics were measured at the same condition as with Example. 
5. Effect of the invention or utility 

The structure of the active materials according to the present invention and 
Bellcore are shown in FIQ 1. The result is expected from this inventor's report. As 

Mn - o 

I 

shown in FIQ 1, the active material of Bellcore has a Al " F structure on a surface so 

that Mn directly contacts with an electrolyte, thereby eluting Mn into the electrolyte at 
high temperature cycling which results in the deterioration of cycle life characteristics. 
On the other hand, the active material according to the present invention has good 
inherent characteristics of Li x Mn 2 . y Al y 04-zF 2 of Bellcore and an Al 2 0 3 layer with a 
thickness of about 10 nm to 100nm on a surface (see. the previously filed application 
regarding UCo0 2l LiNi^COxOs!) which prevents the contact between Mn and the 
electrolyte, thereby inhibiting elution of Mn and preventing the deterioration of cycle life 
characteristics. The initial charge and discharge characteristic at high-temperature is 
found to be decreased about 1 % rather than Bellcore. However, the cycle life 
characteristic after 50 cycles is found to be increased by % or more (when the cycle 
life test after 50 cycles is completed, the data will be added). Thus, it is expected that 
the surface-treatment by Al-alkoxide solution can be prevented from the elution of Mn, 
and the active material of the present invention will be useful for power sources of 
electric vehicle. 

6. Claims 

1 . New positive active material for a rechargeable lithium battery comprising: 
Mn-included composite metal oxide or a chalcogenide compound for 3V-grade 
such as LixMn02, LixMn1-yMy02 (M=at least one metal selected from the group 
consisting of Al, CO, Cr, Mg, Fe and La), LixMn1-yMy02-zFz (M= at least one metal 
selected from the group consisting of Al, Co, Cr, Mg, Fe and La), LixMn1-yMy02-zSz 



(M= at least one metal selected from the group consisting of Al, Co, Cr, Mg, Fe, or La), 
Li; or 

Mn-iricluded composite metal oxide or a chalcogenide compound with a spin I 
structure, such as LixMn204, LixMn2-yMy04 (M= at least on metal selected from the 
group consisting of Al, Co, Cr, Fe, Mg and La), LixMn2-yMy04-zFz (M = at least one 
metal selected from the group consisting of Ai, Co, Cr, Mg, Fe, or La), LixMn2-yMy04- 
zSz (M= at least one metal selected from the group consisting of Al, Co, Cr, Mg, Fe or 
La), 

(x, y and z have the same meanings with Bellcore), 

wherein the metal oxide or compound is surface-treated and is useful in small 
industrials or huge industrials such as electric vehicle. 

2. The surface-treatment is performed by using a metal-alkoxide solution. 

3. The metal-alkoxide solution includes a Si-alkoxide solution, a Mg-alkoxide 
solution, a Tl-alkoxide solution, an Al-alkoxide solution, and preferably an Al-alkoxide 
solution. 

4. The metal-alkoxide solution has a concentration of 1wt% to 50wt%. 

5. After the surface-treatment, a heat-treating is performed at 200 to 1000°C 
for 1 to 20 hours under air or oxygen atmosphere. 

6. The metal oxide has a thickness of 1nm to 100nm after the surface- 
treatment. 

7. The content of the metal is 0. % to 1 0% in the metal oxide. 
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JUN 0 6 2003 
T ° 1700 

Attorney's Docket No.: 003364P021 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application for: 
Ho- Jin Kweon, et al. 
Application No.: 09/429,262 
Filed: October 29, 1999 

For: POSITIVE ACTIVE MATERIAL FOR 
RECHARGEABLE LITHIUM 
BATTERY AND METHOD OF 
PREPARING SAME 

37C.F.R. § 1.131 

DECLARATION OF GEUN-BAE KIM 

I, Geun-Bae Kim, hereby declare as follows: 

1 . I am a citizen of Korea. 

2. I am an inventor of invention referenced above and detailed in the 
Application. 

3. I am an Engineer for Samsung Display Devices Co., Ltd., 575, Sin-Dong, 
Paldal-Ku, Suwon-Si, Kyungki-Do, Korea, Samsung Display Devices Co., Ltd., has an 
interest in the present application. 

4. I hold a Ph.D. (1990) in Chemistry from the Seoul National University and a 
B.S. (1986) in Chemistry from the Seoul National University. I am generally familiar with 
lithium secondary batteries. 




Examiner: Dove, T. 
Art Unit: 1745 
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5. I am informed that Application Serial No. 09/429,262 was filed on October 
29, 1 9999 in the United States, claiming priority from a previously filed Korean 
Application. 

6. I have reviewed PCT Application No. WO 99/05734, which was published 
on February 4, 1999, by Takeuchi et al. The Examiner has cited WO 99/05734 against the 
claims of the above-identified application. 

7. I have reviewed U.S. Patent No. 6,428,766, issued to Fujino et al., which 
was filed on October 25, 1999. The Examiner has cited Fujino against the claims of the 
above-identified application, 

8. The invention disclosed and claimed in the above-identified patent 
application was conceived in Korea at least as early as December 20, 1998, as evidence by 
the attached Invention Report in Korean, a translation of which is also attached in English. 
In addition, the Application No. 99-7430 was filed in the Korean Industrial Property Office 
on March 6, 1999 (a certified copy of which was filed with the United States Patent and 
Trademark Office on October 29, 1999). This Invention Report was reduced to writing by 
Samsung at least as early as the date of the Invention Report, i.e., December 20, 1998. This 
Invention Report demonstrates a conception, and this Application demonstrates a 
constructive reduction to practice of the claimed invention of the instant application and 
were prepared under my direction and based on my own original work. In addition, I 
diligently worked with my co-workers and patent attorneys to file the Korean Patent 
Application No. 99-7430, after our Invention Report was complete. Therefore, the 
conception and diligence to the constructive reduction to practice of the invention disclosed 
and claimed in the above-identified patent application occurred to prior to the publication of 
Takeuchi et al., WO 99/05734, and prior to the filing date of Fujino et al., U.S. Patent No. 
6,428,766. 
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I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



Respectfully submitted, 





Geun-Bae Kim / 
Inventor 

Cheonan Seongseong dong San 24 
Chungcheongnam-do, Korea 
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INVENTION REPORT 
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1. Title of the invention: positive active material for Li-secondary battery 

2. Title of the related project: development of Ll-secondary battery 
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Application of the invention or Utility 

1 . Title of the invention or utility 

The present invention improves long cycle life characteristics, especially high- 
temperature cycle life characteristics by surface-treating LiMn^AlxO^yFy with a solution 
of metal alkoxide, the LiMn 2 _ x Al x 04_yF y being used as a positive active material for a Li- 
secondary battery. 

2. The detailed description of the invention or utility 

A Li-secondary battery uses Li-metal or carbonaceous materials as a negative 
active material, and chalcogenide compounds as a positive active material. Recently, 
carbonaceous material Is extensively used instead of the metallic lithium due to 
problems of high reactivity toward electrolyte and dendrite formation of the lithium 
metal. The positive active material includes composite metal oxides such as LiCo0 2 . 
LiMn0 4 , LiNi0 2 , LiNi 1 . x Co x 0 2l and LiMn0 2 . Manganese-based materials such as 
LiMn 2 0 4 or LiMn0 2 are the easiest to prepare, are less expensive than the other 
materials, and have environmentally friendly characteristics, but they have a low 
capacity. LiCo0 2 is widely used as it has a good electrical conductivity and high 
battery voltage and manufactured by Sony, but is very expensive. LiNi0 2 is 
inexpensive and has a high charge capacity, but is difficult to produce it. In particular, 
LiMn 2 0 4 is the positive active material of choice for rechargeable lithium battery 
because of their stability of battery system, and environmentally friendly characteristics 
even though it has lower discharge capacity than other materials. However, the 
manganese-based compound has shortcoming in that Mn + ion readily elutes to the 
electrolyte at high temperatures, thereby reducing cycle life. The present invention 
uses Li x Mn 2 _ y Al y 0 4 _ z F 2 having high capacity, long cycle life characteristics at high 
temperatures, which is disclosed in U.S. Patent No. 5,759,720 and 5,674,645 by Bell 
Communications Research, Inc (abbreviated: Bellcore) The present invention is to 
improve high-temperatures cycle life characteristics in order to use the compound in 
electric vehicle and produces a metal alkoxide coated Li x Mn 2 .yAl y 04- z F 2 having 
improved high-temperature cycle life characteristics by surface-treating Li x Mn 2 . y Al y 04. 
Z F 2 with a solution of metal alkoxide. 

3. Related arts 

Generally, composite metal oxides such as active materials are synthesized by 
a solid process. Matsushita employs two-step continuous sintering process in which 
UOH, Ni oxide and Co oxide are react at 400 to 580 T: to prepare intermediate oxide 
(1 st step), and the resulting material is heat-treated at 600 to 780 V (2 nd step) to 
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prepare a crystalline material. LiMn 2 0 4 is prepared using LiOH and Mn0 2 by the 
above process. As described above, th conventional process has shortcomings 
such as the complication process and a need for various equipment and process. In 
addition, the reaction temperature is high, and the resulting material has a larger 
particle size so that it is difficult to control physical properties such as morphology of 
the particle surface characteristics (surface area, pore size etc.), which is an important 
factor for determining battery performances. Thus, it is required to develop new 
procedure which is capable of controlling surface characteristics of the product. It is 
considered that UMn 2 0 4 can be useful for a power source of electric vehicle when the 
shortcomings such as eiution of LiMn 2 0 4 can be solved. Recently, in order to solve 
such shortcomings, active material with equivalent of more than 1 Li is prepared, or a 
part of oxygen is substituted with F in a spinel structure LiMn 2 0 4 . 
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4. Detailed description of the invention or utility 
(Example 1) 

In order to improve discharge characteristics and cycle life characteristics at 
high rate and high temperatures of LiMn 2 0 4 which is candidates for power sources of 
electric vehicle because of their low cost and environmentally friendly characteristics, a 
positive active material for a rechargeable lithium battery was prepared by the following 
procedure. Comparative Example 1 uses LUMnz^yAlyO^Fz powder available from 
Bellcore to measure charge and discharge characteristics. The measured results of 
Comparative Example 1 are compared with those of Example 1. 

An Al-isopropoxide solution having a 5 wt% concentration was prepared by 
refluxing an Al-isopropoxide powder in ethanol at about 100T: for 30 minutes. Li x Mn 2 . 
y Al y 0 4 _ z F 2 powder available from Bellcore was mixed with the Al-isopropoxide solution 
at an identical volume ratio in a moisture free dry room such that an overall surface of 
the powder became sufficiently wet by the solution, and be dried in the same room. 
Thereafter, the mixture was heat-treated at about 300 1: for about 10 hours under a dry 
air atmosphere to thereby prepare a metallic oxide-coated active material with modified 
surface structure and morphology. The morphology of the active material was 
identified by SEM, and the crystal structure was analyzed by XRD. The active 
material was mixed with Super P carbon for a conductive agent (4 wt%), KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrrolidone for a solvent to 
prepare an active material slurry. The slurry is cast into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type half cell. The cell was charged and 
discharged at room temperature (25t:) and h igh temperature (50t;). The capacity 
and cycle life characteristics were measured between 4.3 V and 2.75 V by varying 
currents such as 0.1 C 0.1 C, 0.2C ~ 0.2 C, 0.5C 0.5 C, and 1C^1C (total 100 
cycles). 

(Example 2) 

In order to improve discharge characteristics and cycle life characteristics at 
high rate and high temperatures of LiMn 2 0 4 which is candidates for power sources of 
electric vehicle because of their low cost and environmentally friendly characteristics, a 
positive active material for a rechargeable lithium battery was prepared by the following 
procedure. Comparative Example 1 uses Li x Mn 2 _yAl y 04- z F 2 powder available from 
Bellcore to measure charge and discharge characteristics. The measured results of 
Comparative Example 1 are compared with those of Example 1. 

An Al-isopropoxide solution having a 5 wt% concentration was prepared by 
refluxing an AMsopropoxide powder in ethanol at about lOCC for 30 minutes. Li x Mn 2 . 
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yAlyCVzFz powder available from Bellcore was mixed with the Al-lsopropoxide solution 
at an identical volume ratio in a moisture free dry room such that an overall surface of 
the powder became sufficiently wet by the solution, and be dried in the same room. 
Thereafter, the mixture was heat-treated at about 900 1: for about 10 hours under a dry 
air atmosphere to thereby prepare a metallic oxide-coated active material with modified 
surface structure and morphology. The morphology of the active material was 
identified by SEM, and the crystal structure was analyzed by XRD. The active 
material was mixed with Super P carbon for a conductive agent (4 wt%), KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrrolidone for a solvent to 
prepare an active material slurry. The slurry is cast into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type half cell. The cell was charged and 
discharged at room temperature (25XJ) and high temperature (501C). The capacity 
and cycle life characteristics were measured between 4.3 V and 2.75 V by varying 
currents such as 0.1C 0.1 C, 0.2C 0.2 C, 0.5C 0.5 C, and 1C^1 C (total 100 
cycles. 
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Comparative Example 1 

The electrochemical and chemical properties were measured by the following 
method and the result was compared with that of Example. As a positive active 
material, Li x Mn2-yAl y 0 1 . 2 F 2 was used. The morphology of the activ mat rial was 
identified by SEM and the crystal structure was analyzed by XRD. The active material 
was mixed with Super P carbon for a conductive agent (4 wt%), KF-1300 
polyvinylidene fluoride for a binder (4 wt%) and N-methylpyrrolidone for a solvent to 
prepare an active material slurry. The slurry is casted into a tape shape to prepare a 
positive electrode. The positive electrode is then assembled with a lithium metal as a 
counter electrode to thereby fabricate a coin-type half cell. The cell was charged and 
discharged at room temperature (25 TC) and high temperature (50 T:), and the capacity 
and cycle life characteristics were measured at the same condition as with Example. 
5. Effect of the invention or utility 

The structure of the active materials according to the present Invention and 
Bellcore are shown in FIG. 1. The result is expected from this inventor's report. As 

Mn - Q 

I 

shown in FIG 1, the active material of Bellcore has a Al ~ F structure on a surface so 

that Mn directly contacts with an electrolyte, thereby eluting Mn into the electrolyte at 
high temperature cycling which results in the deterioration of cycle life characteristics. 
On the other hand, the active material according to the present invention has good 
inherent characteristics of Li x Mn 2 - y Al y 04-zF 2 of Bellcore and an A! 2 0 3 layer with a 
thickness of about 10 nm to 100nm on a surface (see. the previously filed application 
regarding LiCo0 2 , LiNi 1 . x Co x 0 2 ) which prevents the contact between Mn and the 
electrolyte, thereby inhibiting elution of Mn and preventing the deterioration of cycle life 
characteristics. The initial charge and discharge characteristic at high-temperature is 
found to be decreased about 1 % rather than Bellcore. However, the cycle life 
characteristic after 50 cycles is found to be increased by % or more (when the cycle 
life test after 50 cycles is completed, the data will be added). Thus, it is expected that 
the surface-treatment by Al-alkoxide solution can be prevented from the elution of Mn, 
and the active material of the present invention will be useful for power sources of 
electric vehicle. 

6. Claims 

1 . New positive active material for a rechargeable lithium battery comprising: 
Mn-included composite metal oxide or a chalcogenide compound for 3V-grade 
such as LixMn02, LixMn1-yMy02 (M=at least one metal selected from the group 
consisting of Al, CO, Cr, Mg, Fe and La), LixMn1-yMy02-zFz (M= at least one metal 
selected from the group consisting of Al, Co, Cr, Mg, Fe and La), LixMn1-yMy02-zSz 



(M= at least one metal selected from the group consisting of Al, Co, Cr, Mg, Fe, or La), 
Li; or 

Mn-iricluded composite metal oxide or a chalcogenid compound with a spinel 
structure, such as LixMn204, LixMn2-yMy04 (M= at least on metal selected from the 
group consisting of Al, Co, Cr, Fe f Mg and La), LixMn2-yMy04-zFz (M = at least one 
metal selected from the group consisting of Al, Co, Cr, Mg, Fe, or La), LixMn2-yMy04- 
zSz (M= at least one metal selected from the group consisting of Al, Co, Cr, Mg Fe or 
La). 

(x, y and z have the same meanings with Bellcore), 

wherein the metal oxide or compound is surface-treated and is useful in small 
industrials or huge industrials such as electric vehicle. 

2. The surface-treatment is performed by using a metal-alkoxide solution. 

3. The metal-alkoxide solution includes a Si-alkoxide solution, a Mg-alkoxide 
solution, a Ti-alkoxide solution, an Ai-alkoxide solution, and preferably an Al-alkoxide 
solution. 

4. The metal-alkoxide solution has a concentration of 1wt% to 50wt%. 

5. After the surface-treatment, a heat-treating is performed at 200 to 1000T: 
for 1 to 20 hours under air or oxygen atmosphere. 

6. The metal oxide has a thickness of 1nm to 100nm after the surface- 
treatment. 

7. The content of the metal is 0. % to 10% in the metal oxide. 
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